Purified UvrA, UvrB, UvrC, UvrD, PolA and Lag proteins from Escherichia coli have been used to assess the effect of nucleotide excision repair on the conformation of native negatively supercoiled plasmid DNA in an in vitro test system. The analysis of labeled reaction products on specific gel systems suggests that the Uvr excinuclease has the ability to restrain the superhelical stress in the template DNA during the repair process. This feature, observed in the case of the Uvr system is not found if the repair reaction is initiated by T4 endonuclease V or Micrococcus lute us UV endonuclease.
INTRODUCTION
Nucleotide excision repair in Escherichia coli is mediated by a multi-enzymatic system involving the UvrA, B, C and D proteins as well as DNA polymerase I and ligase. In vitro experiments have shown that these 6 proteins are necessary and sufficient to perform the complete nucleotide excision repair reaction (1, 2, 30) . The most striking feature of the Uvr repair system is its very broad substrate specificity, acting on purine and pyrimidine damage, monoadducts, diadducts, dimers and crosslinks, helix stabilizing and helix destabilizing adducts. The recognition of a large number of different DNA adducts seems to be a general rule for excision repair pathways as identical observations have been made in other organisms including yeast, Drosophila, rodents and man (3) . Hence it has been suggested that this specific repair system does not recognize the DNA adduct per se but rather a distortion in the DNA double helix (4) . Recent experiments with purified UvrA, B and C proteins seem to confirm this model. DNase I footprinting has revealed that the Uvr excinuclease covers an area of approximately 19 base-pairs around the DNA adduct and that the non-adducted strand seems to be protected more efficiently against DNase I than the adducted strand (5) . This finding is in agreement with the observation that a pyrimidine dimer in an specific Uvr protein-DNA complex is still accessible to Escherichia coli photolyase (4).
The wide substrate specificity of nucleotide excision repair seems a priori to be mainly advantageous as the organism can respond to a variety of environmental hazards with the use of just one enzymatic repair system. However, the fact that the DNA adduct is not recognized directly by the repair system implies that the simplest and most secure form of DNA repair, namely direct reversal of the damage in a single step as found for other repair systems (e.g. photoreactivation, methyltransferase) is not possible. Instead the Uvr excinuclease attacks the DNA backbone which results in the excision of a 12-13 bases long oligonucleotide containing the DNA adduct (6) . This incision of the DNA backbone again might have profound implications on the structure and conformation of DNA in the cell. The native bacterial DNA double helix is partially underwound in vivo which results in the fonnation of a negative superhelical structure (negative supercoiling). Recently it has been shown that RNA polymerase plays an active role in DNA supercoiling and that the fine tuning of the degree of superhelicity is regulated by DNA topoisomerase I or DNA gyrase (7) . Part of this DNA superstructure is stabilized by proteins in nucleosome-like structures (8) , however, a significant part of the Escherichia coli chromosome contains unrestrained negative supercoils (9, 10) . Incision of the DNA backbone in such unrestrained areas could lead to extensive relaxation of a large area of the bacterial chromosome. As DNA supercoiling plays an essential role in cellular regulatory processes (11) the introduction of nicks into the DNA backbone by DNA repair could have a major impact on the physiological state of the cell.
In this communication we have used an in vitro test system containing highly purified UvrA, UvrB, UvrC, UvrD, PolA and Lig proteins to analyse the fate of negatively supercoiled plasmid DNA during nucleotide excision repair. Our results suggest that UvrABC mediated excision repair has the ability to restrain supercoiling in the plasmid molecule during the repair process.
MATERIALS and METHODS 1. Proteins and EnrvmeR
The purification of the UvrA, UvrB, UvrC and UvrD proteins has been described previously (12) . Purified PolA and Lig proteins from Escherichia coli were purchased from Pharmacia. T4 endonuclease V was isolated from an overproducing strain harbouring plasmid ptac-denV (a gift from Dr. J.K. de Riel, Philadelphia) and was purified as recently described (13) . All proteins were judged to be more than 95% pure after analysis on Coomassie stained SDS polyacrylamide gels and contained no aspecific nicking activity. Micrococcus lute us UV endonuclease was purchased from Applied Genetics Inc. 2. Plaamid DNA Plasmid pIC283 is a derivative of pIC20R (14) and contains part of a human cDNA insert cloned between BamHI and Kpnl in the multiple cloning site. The plasmid has a size of 3100 bp and was purified from Escherichia coli strain HB101 by using standard procedures. The theoretical Unking difference ALK (= difference in linking number between a given topoisomer and the same plasmid in a relaxed state) of native pIC283 was calculated by assuming a superhelical density (or specific linking difference) a = -0.06 ("15,16,17) and by using the formula: a -ALK / LK* where LK* -N / 1O6 N is the number of base pairs of the plasmid and 10.5 the number of bases per turn of the double helix (18) . The linking difference ALK defines the number of superhelical turns of a given plasmid molecule. UV irradiation of plasmid DNA was performed with a gennicidal UV lamp (predominant wavelength: 254 nm). Small drops of a 100 ug/ml solution of plasmid pIC283 in TE buffer were put on an ice-cooled petri dish and irradiated with a fluence of 2 J/m\ Under these conditions approximately 0.07 pyrimidine dimers are produced per second per plasmid molecule. Singly nicked plasmid DNA was obtained after incubation of 20 ug 
T4 endo V incubation (panel B)
. From these data we can deduce that although dimer excision occurs the complete removal of all dimers from one plasmid molecule is rather inefficient as our Uvr excinuclease preparation is not able to remove more than one dimer per plasmid without inducing gross changes in the superhelical plasmid structure. Indeed, increasing the amount of DNA damage per plasmid results in a gradual relaxation of the labeled plasmid molecules during repair synthesis (Fig. 2 and fig. 6 ). In figure 2 inefficient repair is visible by the different mobility of topoitomers due to unremoved pyrimidine dimers. -16 (see fig. 3 ) increases up to 10 min whereafter a plateau is reached.
In figure 7 a kinetic analysis has been performed in order to
From that moment on a more extensive labeling of plasmids with a lower super-helical density is observed ( fig. 7) . 
